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ABSTRACT 

We present an analysis of the mass and age of the young low-mass binary Oph 1622—2405. Using 
resolved optical spectroscopy of the binary we measure spectral types of M7.25±0.25 and M8.75±0.25 
for the A and B components, respectively. We show that our spectra are inconsistent with the 
spectral types of M9 and M9.5-L0 from Jayawardhana & Ivanov and M9±0.5 and M9.5±0.5 from 
Close and coworkers. Based on our spectral types and the theoretical evolutionary models of Chabrier 
and Baraffe, we estimate masses of ~ 0.055 and ~ 0.019 M & for Oph 1622— 2405A and B, which 
are significantly higher than the values of 0.013 and 0.007 M Q derived by Jayawardhana & Ivanov 
and above the range of masses observed for extrasolar planets (M < 0.015 Mq). Planet-like mass 
estimates are further contradicted by our demonstration that Oph 1622— 2405A is only slightly later 
(by 0.5 subclass) than the composite of the young eclipsing binary brown dwarf 2M 0535-0546, whose 
components have dynamical masses of 0.034 and 0.054 Mq. To constrain the age of Oph 1622—2405, 
we compare the strengths of gravity-sensitive absorption lines in optical and near-infrared spectra of 
the primary to lines in field dwarfs (r > 1 Gyr) and members of Taurus (r ~ 1 Myr) and Upper 
Scorpius (r ~ 5 Myr). The line strengths for Oph 1622— 2405A are inconsistent with membership in 
Ophiuchus (r < 1 Myr) and instead indicate an age similar to that of Upper Sco, which is agreement 
with a similar analysis performed by Close and coworkers. We conclude that Oph 1622—2405 is part 
of an older population in Sco-Cen, perhaps Upper Sco itself. 

Subject headings: infrared: stars — stars: evolution — stars: formation — stars: low-mass, brown 
dwarfs — binaries: visual - stars: pre-main sequence 



1. INTRODUCTION 

Since the discover y of the first free-floating brown 
dwar f s a decade ago (IStauffer et ail 11994 iRebolo et al.l 
[19951 iBasri et al.l [l996'). surveys of young clusters and 
the field have found brown dwarfs in increasing num- 
bers and at decreasing masses. A natural consequence 
of these growing samples of brown dwarfs has been the 
identification of binary systems with progressively lower 
total masses (|Chauvin et al.ll2004l iBurgasser et al.ll2006L 
references therein). The least massive binaries are po- 
tentially valuable for testing theories for the formation 
of objects at the bottom of the initial m ass function 
([Burgasser et al . 2006; Luh man et al.l[2006h . To produce 
meaningful results, these tests require reliable measure- 
ments of the basic properties of the components of sub- 
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stellar binaries, including spectral type, luminosity, age, 
and mass. 

Oph 1622—2405 is one such low-mass binary that de- 
serves careful scrutiny. This system was discovered dur- 
ing a search for disk-bearing young brown dwarfs with 
the S pitzer Space Telescope (|Allersl 120051 : I Allers et al.l 
2006). The 1.9" pair was only partially resolved by 
Spitzer, but was fully resolved in optical and near- 
infrared (IR) images and low-reso lution n ear-IR spec- 
trosco py presented by lAllerd (|2005l see also lAllers et al.l 
(2007)). Through this spectroscopy, she classified each 
component as a pre-main-sequence object and measured 
spectral types of M7.5 and M8 for the primary and 
secondary, respectively. By placing the two compo- 
nents on the Hertzsprung-Russ ell (H-R) dia gram with 
theoretical evolutionary models, lAllersI (|2005f ) estimated 
masses of 0.06 and 0.05 M Q and a system age of 
~ 40 Myr. In comparison, iJayawardhana &: Ivanovl 
(|2006allbl ) have reported spectral types of M9 and M9.5- 
L0 and masses of 0.013 and 0.00 7 Mq for the components 
of Oph 1622—2405, leading IJayawardhana fc Ivanovl 
(|2006tJ ) to characterize Oph 1622-2405 as th e first 
known planetary-mass binary. I Close et all (|2007f ) inde- 
pendently discovered the binarity of Oph 1622—2405 and 
estimated masses of 0.017 and 0.014 M© for its compo- 
nents. 

We seek to better determine the physical properties 
of the components of Oph 1622—2405, particularly their 
masses, through new optical and near-IR spectroscopy 
(§ [2J. With the optical data, we measure the spectral 
types of Oph 1622— 2405A and B with the optical classi- 
fication scheme that has been most commonly applied 
to young late-type objects and show how these types 
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compare to those of other young binaries through di- 
rect comparison of their optical spectra (§ 13. ip . We use 
gravity-sensitive absorption lines in the optical and IR 
spectra of Oph 1622— 2405A to constrain its age (§ 13. 2[) . 
We then estimate the masses of Oph 1622— 2405A and B 
via theoretical evolutionary models and by considering 
the dynamical mass measurements of the eclipsing bi- 
nary brown dwarf 2MASS J05352184-0546085 (hereafter 
2M 0535-0546, § I3T41. 

2. OBSERVATIONS 

The optical and IR images of Oph 1622-2405A and 
B (referr e d to a s Oph 1622— 2 405n and s, respectively, 
in lAllerd (|2005h ) from lAllersI (|2005f ) are shown in Fig- 
ure [TJ The astrometry and photometry measured by 
Allerd (120051) for this pair are provided in Table [TJ 
Allers et"al1 (|2006l ) described the collection and reduc- 



for Oph 1622-2405, except with a 0.3" slit (R = 2000). 
Thes e SpeX data were re duced with the Spextool pack- 
age (ICushing et alj I2004D a nd corrected for telluric ab- 
sorption ( Vacca et al.ll2003f) . 



tion of the l arger imaging surve y from which these images 
are taken. IClose et al.1 (|2007f) measured near-IR colors 
for Oph 1622-2405A and B as well. Their colors dif- 
fered significantly from those of field M and L dwarfs, 
which they attributed to low surface gravity. However, 
a color difference of that kind is not pr esent in previ- 
ous data for young late-M objects (e.g.. iLuhmanl 119991 



iBricefio et alj |2002) and the colors that we measure for 
Oph 1622— 2405A and B are similar to those of both 
dwarfs and pre-main-sequence sources. 

On the nights of 2006 August 17 and 18, we per- 
formed optical spectroscopy on Oph 1622— 2405A and 
B, respectively, with the Low Dispersion Survey Spectro- 
graph (LDSS-3) on the Magellan II Telescope and a 0.85" 
slit. This configuration resulted in a spectral resolution 
of 5.8 A at 8000 A and a wavelength coverage of 5800- 
11000 A. For each component of the binary, we obtained 
one 20 min exposure with the slit aligned at the paral- 
lactic angle. After bias subtraction and flat-fielding, the 
spectra were extracted and calibrated in wavelength with 
arc lamp data. The spectra were then corrected for the 
sensitivity functions of the detectors, which were mea- 
sured from observations of spectrophotometric standard 
stars. For comparison to Oph 1622—2405 in § 13. 2\ we 
will make use of a spec trum of the eclipsing binary brown 
dwarf 2M 0535-0546 (jStassun et all 120061) that was ob- 
tained with LDSS-3 on 2006 February 10 and spectra of 
GL 1111 (M6.5V) and LHS 2243 (M8V) that were ob- 
tained with the Blue Channel spectrograph at the MMT 
on 2004 December 11 and 12, respectively. The LDSS- 
3 configuration for 2M 0535-0546 was the same as for 
Oph 1622-2405. The spectra of GL 1111 and LHS 2243 
from Blue Channel have a resolution of 2.6 A at 8000 A 
and a wavelength coverage of 6300-8900 A. 

We obtained near-IR spectra o f Oph 1622— 2405A and 
B with the spectrometer SpeX ([Ravner et al.l l20(33h at 
the NASA Infrared Telescope Facility (IRTF) on the 
nights of 2006 June 22 and 24. The instrument was 
operated in the SXD mode with a 0.5" slit, produc- 
ing a wavelength coverage of 0.8-2.5 /im and a resolving 
power of R = 1200. With the slit rotated to encompass 
both components of the pair, we obtained 10 2-minutc 
exposures during sequences of dithers between two posi- 
tions on the slit on each night. For comparison purposes, 
we also make use of a spectrum of the Taurus member 
CFHT 4 that was obtained on the night of 2006 Jan- 
uary 4 with the same instrument configuration as used 



3. ANALYSIS 
3.1. Spectral Classification 

Spectral types of late-M dwarfs and giants are d efined 
at red optical wavelengths (|Kirkpatrick et aLl ll991). Av- 
erages of optical spectra of standard dwarfs and giants 
agree well with data for l ate-M pre-main-sequ ence ob- 
jects ([Luhman et al.lll997t [l998t lLuhmanlll999h and are 
the basis of most of the published optical spectral types 
for l ow-mass members of nearby star-forming regions 
(e.g.. I Bricefio etaL 2002; Luhm an et al.i r2003b: Luhman 
l2004aLl2006i r We have applied this classification scheme 
to our optical spectra of Oph 1622— 2405A and B, ar- 
riving at spectral types of M7.25±0.25 and M8.75±0.25, 
respectively. If we use dwarfs a lone to classify our spec- 
tra as done for this binary by iJavawardhana fc Ivanovl 
(|2006bf) . then we derive nearly the same spectral types, 
namely M7.5 and M9. Figs. [2] and [3] show comparisons 
of Oph 1622— 2405A and B to these best-matching stan- 
dards. The averages of dwarfs and giants match the tar- 
get spectra more closely than dwarfs al one, in agreement 
with previous work (e.g. jLuhmart[l999l ). Thus, we adopt 
the types based on the comparisons to averages of dwarf 
and giant standards. By doing so, our classifications can 
be reliably compared to types of most known young late- 
type objects, which have been measured in the same way. 

In Figure [21 we compare the spectrum of 
Oph 1622— 2405A to data for the composite of the 
young eclipsing binary 2M 0535-0546 (§ [2]) and the 
primary in the young wide binary 2M 1101-7732 
i|Luhman|[2"004bh . This comparison demonstrates that 
Oph 1622-2405A is slightly later than 2M 0535- 
0546A+B (which we classify as M6.75) and has the 
same s pectral type as 2M 1101-7732A (M7.25. ILuhmanl 
I2004bf) . Meanwhile, Oph 16 22-2405B is slig htly later 
than 2M 1101-7732B fM8.25. [LTinmanll2004bl ) based on 
the comparison of their spectra in Figure [3] 

Our optical spectral types of M7.25±0.25 and 
M8.75±0.25 for Oph 1622-2405A and B are significantly 
earlier than the optical t ypes o f M9 and M9.5-L0 from 
IJavawardhana fc Ivanovl (|2006al fbT). This is true even if 
we use dwarf standards as done in those studies. As 
shown in Figure [2[ the spectrum of Oph 1622— 2405A 
is poorly matched by both M9V and M9V+M9III, as 
well as the M9 Taurus member KPNO 12 (jLuhman et all 
2003a). Similarly, the spectrum of Oph 1622-2405B 
is earlier than KPNO 4 (Figure [3|), which is the pro- 
totypical pre- main-sequence repres entative of the M9.5 
spectral class (jBriceno et al.ll2002D . Oph 1622-2405B 
also differs significantly from M9.5V and the young L0 
object 2MASS 01415823-463 3574 (hereafter 2M 0141- 
4633, Kirkpat rick et all I2006D . For instance, a defin- 
ing characteristic of the transition from M to L types 
for dwarfs is the disappearance of T iO absorption at 
7000-7200 A (jKirkpatrick et al.lll999f ). and yet the TiO 
in Oph 1622— 2405B is strong, indicating that a dwarf- 
based spectral type of M9.5-L0 is not appropriate. 
Our results for Oph 1622—2405 A and B are simi- 
lar to those of lAllen et al.l (I2007D for ano ther object 
classified by IJavawardhana fc Ivanovl (|2006af ). 2M 1541- 
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3345, which is a dis k-bearing source in the vicinit y 
of the Lupus clouds (lAllerd 120051 : lAllers et all l2006f ). 
Pavawardhana fc Ivanovl (|2006aD repor t ed a s pectral type 
of M8 for this object while lAllen et all (|2007l ) classified it 
is M5.75±0.25 with spectra and methods like those used 
in this work. 

We now compare our optical classifications of 
Oph 1622— 2405A and B to previous near-IR observa- 
tions. Our optical types of M7.25±0.25 and M8.75±0.25 
for Oph 1622— 2405A and B are consis tent w it h the 
IR types of M7.5±l and M8±l from lAllerj (f2005h 
and M7±l and M8±l from I Alters et al.l ({200% . which 
were measured by comparison to young objects that 
have been optically classi fied with the same me thods 
employed i n this work. IBrandek er et al.l (|2006f ) and 
I Close et all (|2007l ) also presented near-IR spe ctra for 
Oph 1622-2405A and B. IBrandeker et alj (|2006h did not 
compare their spectra to data for classificatio n standards 
and t hus did not measure spectral types. I Close et "aTl 
(|2007l ) found that Oph 1622-2405B exhibited similar IR 
spectral features as the young L0 source 2M J0141-4633, 
and thus classified the former as M9.5±0.5. Because the 
spectral features of the primary indicated a slightly ear- 
lier type, they c l assifie d it as M9±0.5. However, given 
that IClose et all (|2007ft did not present a comparison of 
Oph 1622—2405 to earlier types, it is unclear if earlier 
types would have provided better or worse matches to 
their data. In fact, as shown in Figure [31 our opti- 
cal spectrum of Oph 1622— 2405B is v ery different from 
the sp ectrum of 2M J0141-4633 from IKirkpatric k et al.l 
(2006), demonstrating that they do not have the same 
o ptical spectral typ es. 

IBrandeker et all (|2006t ) and IClose et all (|2007l ) esti- 
mated effective temperatures and surface gravities by 
comparing their data to synthetic spectra. However, 
because of know n deficiencies in the oretical spectra of 
late-type objects ()Leggett et al.ll200ll ). temperature and 
gravity estimates of this kind are subject to systematic 
errors, and thus the accuracies of these estimates are 
unknown. In addition, the temperature and gravity es- 
timates from those studies cannot be reliably compared 
to those of other young late-type objects unless the lat- 
ter are derived with the same spectral features, model 
spectra, and fitting procedures. 

3.2. Age 

lAllers! (|2005| ) and lAllers et alj (|2007f) determined 
that the components of Oph 1622—2405 are pre-main- 
sequence objects rather than field dwarfs by perform- 
ing low-resolution near-IR spectroscopy a nd detecting 
the p resence of triangular if-band continua (|Lucas et al.l 
2001). This spectral characteristic is present during 
most of the pre-main-sequence evolution of late-type ob- 
jects, thus co nstraining the age of Oph 1622—2405 to b e 
t < 100 Myr (IKirkpatrick et alj|200a lAllers et al.|[2007T ). 
To further constrain the age of this system, we exam- 
ine additional gravity-sensitive absorption lines in our 
higher-resolution opt ical and near-IR spectra, namely 
K I Na I. and FeH ([Martin et al.lll996t lEuhman et al.l 
1998; iGorlova et all 120031 : iMcGwern" et al. H2004h . 

In this analysis, we consider only the primary because 
its data exhibit better signal-to-noise. For comparison 
to Oph 1622— 2405A, we select representatives of three 
distinct luminosity classes and ages: members of the 



Taurus star-forming region (r ~ 1 Myr, IBriceno et al.l 
l2002t Euhman et al.ll2003al) . mem bers of the Upper Scor- 
pius OB association (r ~ 5 Myr, iPreibisch fc Mamaiekl 
l2006f ). and field dwarfs (r > 1 Gyr). We require 
that these objects have spectral types that are within 
0.5 subclass of the spectral type of the primary so 
that our comparison is sensitive to variations in sur- 
face gravity alone. For Taurus, we use th e optical 
spect rum of 2MASS 04484189+1703374 (M7, ILuhmanl 
120061) from ILuhmanl (120061) and our IR spectrum of 
CFHT 4 (M7. IBriceno et all I2002T) . Field dwarfs are 
represented by an average of our optical spectra of 
GL 11 11 (M6.5V. iHenry et all Il99l and LHS 2243 
(M8V, iKirkpatrick et afT 1995 ) and the I R spectrum of 
vB 8 (M7. IKirkpatrick et al.lll991l) from ICushing et all 
((2005T1 . For Upper Sco, we use the J-band spec- 
trum of U Sco CTIO 128 (M7, lArdila eTaIll2000h from 
ISlesnick et all (|2004f ). To enable a reliable comparison 
of absorption line strengths, spectra for a given wave- 
length range have been smoothed to a common spectral 
resolution. Al though optical spectr a for Upper Sco are 
available from Slcs nick et all (|2006f ). we do not include 
them in this comparison because they have significantly 
lower spectra resolution that the other optical data we 
are examining, and we prefer to make these comparisons 
at the highest possible resolution. 

In Figs. 0] and we compare the spectra for Tau- 
rus, Upper Sco, and field dwarfs to the spectrum of 
Oph 1622— 2405A for wavelength ranges encompass- 
ing K I, Na I, and FeH. For all of these transitions, 
Oph 1622— 2405A exhibits stronger lines than the Taurus 
members and weaker lines than the field dwarfs, indicat- 
ing that it is above the main sequence (r < 100 Myr) 
but older than Taurus (t > 1 Myr). For the subset of 
comparisons in which Upper Sco is represented, the line 
strengths are similar between Oph 1622— 2405A and the 
Upper Sco member. If we degrade the optical spectrum 
of Oph 1622— 2405A to the lo wer spectral re s olutio n of 
optical data in Upper Sco from lSlesnick et ail (|2006f ). we 
also find similar line strengths for the optical transitions 
of Na I and K I. Thus, the gravity-sensitive lines in the 
spectra of Oph 1622— 2405A suggest an age similar to 
that of Upper Sco (r ~ 5 Myr) with an upper limit that 
is undetermined, but probably no more than a few tens 
of millions of years. 

Using their near-IR sp ectra of Oph 1622— 2405A and B, 
IBrandeker et a l. ( 2006) compared the equivalent widths 
of gravity-sensitive lines between Oph 1622—2405 and 
field dwarfs, demonstrating that the binary's compo- 
nents have lower gravities and hence younger ages than 
dwarfs, which is c onsistent with th e res ults in this 
work. I Allerd (pO^ . lAlTers et all (pool , and IClose etafl 
(|2007l ). However, their analysis did not further refine the 
age of the system and they did not claim to accurately 
measure the gravities and ages of Oph 1622— 2405A 
and B, and instead assumed membersh ip in Ophiuchus. 
On the other hand, IClose et all (|2007f ) constrained the 
gravity of Oph 1622— 2405A and B more tightly by 
comparing their data to KPNO 4 (r ~ 1 Myr) and 
a Ori 51 (r ~ 5 Myr). This comparison indicated that 
Oph 1622-2405A and B are older than KPNO 4 and 
similar in age to a Ori 51, which is in agreement with 
the age constraints that we have derived in this section. 
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3.3. Membership 

The analysis of gravity-sensitive lines in § 13.21 demon- 
strated that Oph 1622-2405A is older than Taurus 
(r ~ 1 Myr), which in turn is older than the stellar 
population within the O phiuchus cloud core (r < 1 Myr, 
ILuhman fc Riekdll999f) . Thus, Oph 1622-2405 is not a 
member of the current generation of stars forming within 
the Ophiuchus cloud, which is consistent with the low 
extinction of this binary [Ay < 1) and its large angu- 
lar distance from the cloud core (0 ~ 0?5). Instead, 
Oph 1622—2405 probably is part of an older population 
of stars in the Sco-Cen complex, which contains several 
neighboring and overlappin g generations of stars wit h 
ages from < 1 to 20 Myr (jPreibisch fc Mamaiekll2006[ ). 
For instance, Oph 1622—2405 is within t he area encom- 
passed by known members of Upp er Sco (jSlesnick et al.l 
120061: iPreibisch fc Mama ieki [2001 and is near a popula- 
tion of exposed young stars distributed across the front 
of the Ophiuchus cloud, which is coeval with Uppe r Sco 
and may be an extension of it (Wil king et al.ll2005f h 

Although we cannot definitively identify the origin of 
Oph 1622—2405 nor measure its distance, membership 
in Upper Sco is likely based on its location and surface 
gravity diagnostics. Indeed, this evidence of membership 
in Upper Sco is the same as for previously reported late - 
type members (jMartm et al.ll2004t ISlesnick et al.ll2006D . 
Therefore, for the purpose of estimating their luminosi- 
ties, we assign to Oph 1622— 2405A and B the dis- 
tance of Upper Sco, which e xtends from 125 to 165 pc 
(|Preibisch fc Mamaiekl l2006). Based on the comparison 
of the optical spectra of Oph 1622— 2405A and B to spec- 
tra of other young late-type objects in § I3.1| we find that 
the extinction of each component is Ay < 1. Therefore, 
we adopt Ay = 0.5 ± 0.5 for measuring their luminosi- 
ties. The rema ining details of th e luminosity estimates 
are provided bv lAllers et alJ (|2006h . Our luminosity mea- 
surements for Oph 1622— 2405A and B are listed in Ta- 
ble n 

To examine the ages implied by their luminosities, we 
plot Oph 1622-2405A and B on the H- R diagram in 
Figure [6] wi th the evolutio n ary m odels of Baraff e~et al.l 
(|1998f ) and IChabrier et~ai] (|2000h . We have converted 
our optical spectral types to effective temperatures with 
a temperature scal e that is compatible w ith these models 
for young objects (jLuhman et al.ll2003b[ K The data and 
models in Figure [6] imply ages of 10-30 Myr for the pri- 
mary and 1-20 Myr for the secondary. Thus, these results 
are consistent with coevality for the two objects, which is 
expected for a binary system. These ages are somewhat 
older than the canonical value of 5 Myr that is usually 
quoted for Upper Sco, but the age of a young population 
is sensitive to how it is defined, the mass range of objects 
considered, and the choice of models. To reliably com- 
pare the inferred ages of Oph 1622— 2405A and B to those 
of Upper Sco members, the luminosities and tempera- 
tures of this binary should be compared directly to those 
of late-type members of Upper Sco. We do this by includ- 
ing in Figure [HI the la te- type members of Upper Sco from 
ISlesnick et aLp|2006l ). The lower limits of the sequence in 
temperature and luminosity a re reflections o f the d etec- 
tion limits of the survey from ISlesnick et al.l (|2006l ) . An 
extension of the sequence below these limits in a manner 
that is parallel to the theoretical isochrones would en- 



compass both components of Oph 1622—2405. In other 
words, the model ages of the more massive membe rs of 
the Upper Sco sequence from ISlesnick et all (|2006l ) are 
consistent with the model ages of Oph 1622— 2405A and 
B. Similarly, the binary components fall within the se- 
quence of low-mass Upp er Sco members in the color- 
magnitude diagram from lMartm et all (|2004l ). 

3.4. Mass 

In addition to ages, the evolutionary models in Fig- 
ure [6] also provide estimates of masses, implying values 
of 0.055±0.01 and 0.019t£;^ 5 Mq for Oph 1622-2405A 
and B, respectively. The quoted uncertainties reflect 
only the uncertainties in spectral types and luminosi- 
ties. Additional systematic errors could be introduced 
by the adopted temperature scale and evolutionary mod- 
els. However, the sizes of these systematic errors are 
probably not l arge, as demonstrated by various obser- 
vatio nal tests (jLuhman et alJ l2003bl : ILuhman fc Potterl 
20061). The mass estimated for Oph 1622-2405A by 



Allersl (j2005f ) is similar to our value, while her esti- 



mate for the secondary was twice our value because of 
the earlier spectral type that she derived. Meanwhile, 
our estimates for Oph 1622— 2405A and B are signifi- 
cantl y higher than the masse s of 0.01 3 and 0.007 Mq 
from iJavawardhana fc Ivanovl (|2006bf ). Our estimate 
for the primary is also much high er than the value of 
0.017 M Q from IClose et al.l (|2007ft . while our mass for 
the secondary is only slightly higher than their mass 
of 0.014 Mq. The validity of higher estimates is sup- 
ported by the fact that Oph 1622-2405A is only slightly 
cooler than the composite of the eclipsing binary brown 
dwarf 2M 0535-0546A+B (Figure [3]) and thus should 
have a comparable mass (M = 0.054 and 0.034 Mq, 
IStassun et "aLll2006l) . 

The spectral types, temperatures, luminosities, and 
masses of Oph 1622— 2405A and B produced by our anal- 
ysis are compiled in Table [2j 

4. CONCLUSIONS 

Using optical spectroscopy, we have measured spec- 
tral types for the young binary Oph 1622—2405 
tha t are significantly ear li er th an thos e reported 
by IJavawardhana fc Ivanovl (j2006al lbl) and IClose et all 
(|2007h . As a result, our mass estimates for these ob- 
jects (M = 0.055 and 0.019 Mq) are higher than 
those from l Javawardhana fc Ivanoyl ( 2006aH bl. M = 0.013 
and 0.007 Mq) and IClose etliT (120071 M = 0.017 
and 0.014 Mq) and are above the range o f planetary 
masses (M < 0.015 M , iMarcv et al.ll2005h . Through 
a direct comparison of their spectra, we find that the 
primaries in Oph 1622—2405 and the young wide bi- 
nary 2M 1101-7732 have the same spectral types while 
Oph 1622-2405B is only slightly later than 2M 1101- 
7732B, which strongly indicates that these two binaries 
have similar masses. Our analysis of gravity-sensitive 
absorption lines in the spectra of Oph 1622— 2405A have 
demonstrated that this system is too old to be a member 
of the Ophiuchus star- forming region (t < 1 Myr). In- 
stead, the age constraints from those data combined with 
the position of Oph 1622—2405 on the H-R diagram are 
consistent with membership in Upper Sco (r ~ 5 Myr) 10 . 

10 Usin g the same spect ral classification methods shown in 
this work, lAllen et al.l 1 120071) concluded that another object from 
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Additional observations (e.g., proper motions, radial ve- 
locities) are needed to better determine the origin and 
membership of this binary system. If the distance of 
Upper Sco is adopted for Oph 1622—2405, then the sep- 
aration of 1.9" for this binary corresponds to ~ 300 AU, 
making it the second young wide binary brown dwarf 
to be found. Thus, Oph 1622—2405 is very similar to 
2M 1101-7732 in both mass and separation but is some- 
what older (5 Myr versus 1 Myr). Given the advanced 
age of this system compared to most disk-bearing stars 
an d brown dwarfs, th e disk detected in Oph 1622—2405 
by I Alters" etaD (2006) is a valuable laboratory for study- 
ing the evolution of brown dwarf disks. 

Jayawardhana & Ivanov (2006a), 2M 1541-3345, is also earlier, 
older, and more massive than reported in that study. 
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for the LDSS-3 observations of Oph 1622-2405. This 
work is supported by NASA through the Spitzer Space 
Telescope Fellowship Program, through a contract issued 
by the Jet Propulsion Laboratory, California Institute of 
Technology under a contract with NASA. 
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TABLE 1 

ASTROMETRY AND PHOTOMETRY FOR OPH 1622 — 2405 



Component 


a(.J2000) 


<5(.J2000) 




J 


H 


K a 


[3.6] 


A 


16 22 25.2 


-24 05 13.7 


17.78±0.10 


14.53±0.03 


14.01±0.03 


13.55±0.03 


13.02±0.11 


B 


16 22 25.2 


-24 05 15.6 


18.98±0.10 


15.24±0.03 


14.64±0.03 


14.03±0.03 


13.22±0.11 



TABLE 2 
Properties of Oph 1622-2405 





Spectral 






Mass 


Component 


Type 


(K) 


log L/L b 


(M e ) 


A 


M7.25±0.25 


2838 


-2.41±0.13 


0.055±0.01 


B 


M8.75±0.25 


2478 


-2.63±0.13 


019+ 01 

U.U±M_ Q 0Q5 



a Temperature scale from [Luhman ct al. (2003b|).k Based on an assumed distance of 145±20 pc. 
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Fig. 2. — Optical spectrum of Oph 1622— 2405A (solid lines) and seven comparison spectra (dotted lines). If dwarf standards are used 
to classify this object, then M7.5V provides the best match. When we instead use averages of dwarfs and giants as standards, we derive 
a spectral type of M7.25. Oph 1622— 2405A is slightly late r than the composit e spectrum of the eclipsing binary 2M 0535-0546, whose 
components have dynamical masses of 0.034 and 0.0 54 llStassun et al.ll2006T ) The spectrum of Oph 1 6 22-240 5A a grees well with the 
primary in the young binary 2M 1101-7732 (M7.25. iLuhmarJ I2004M ) . Although [javawardhana fc Ivanovl l|2006aT ) and IClose et alJ ^2007f ) 
each reported a spectral ty pe of M9 for Oph 1622 -2405A, its spectrum differs significantly from those of M9V, M9V+M9III, and the M9 
Taurus member KPNO 12 ( Luh marret~aTll2003al) . The data are displayed at a resolution of 18 A and are normalized at 7500 A. 
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Fig. 3. — Optical spectrum of Oph 1622— 2405B (solid lines) and six comparison spectra (dotted lines). If dwarf standards are used 
to classify Oph 1622— 2405B, M9V provides the best match. When we instead use averages of dwarfs and giants as standards, we derive 
a spectral type of M8.75. The average of the dwarf and giant agr ees better with the spectrum of Oph 1622— 2405B than the dwarf, as 
expected for a pre-main-sequence ob ject of this kind (Luhman 1999). The spectrum of Oph 1622 — 240 5B is later than th e secondary in the 
young binary 2M 1101-7732 (M8.25. lLuhmarJI2004bT) . Although Tjavawardhana fc Ivaiiovl l|2006rj| ) and lClose et al.l H2007I 1 reported spectral 
types of M9.5-L0 a nd M9,5±0.5 for Oph 1622— 2405B, respectively, its spectrum differs significa ntly from th ose of M9.5V, the M9.5 Taurus 
member KPNO 4 HBriceno et al J 12003) . and the young L0 object 2M 0141-4633 jKirkpatrick ct al. 2006). The data are displayed at a 
resolution of 18 A and are normalized at 7500 A. 
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Fig. 4. — Gravity-sensitive absorption lines for Oph 1622— 2405A (solid lines), a Taurus member (t ~ 1 Myr, upper dotted lines), and a 
field dwarf (t > 1 Gyr, lower dotted lines). 
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Fig. 5. — Gravity-sensitive absorption lines for Oph 1622— 2405A (solid lines), a Taurus member (r ~ 1 Myr, upper dotted lines), an 
Upper Sco member (r ~ 5 Myr, middle dotted lines), and a field dwarf (r > 1 Gyr, lower dotted lines). The data in this diagram and in 
Figure [4] indicate that Oph 1622— 2405A is a pre-main-sequence source with an age of ~ 5 Myr. 
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Fig. 6.— H-R diagram for Oph 1622-2 405A and B (filled circle, lAllersl [20051 . Table E}, 2M 1101-7732A and B (triangle. ILuhmanl 
I2004bl ). and membe rs of Upper Sco (circle s, ISlesnick et aLlfeOOQ) shown with the theoretical evolutionary models of Baraffc ct al. (1998) 
(M/Mq > 0.1) and " Chabrier et al.l pOTJOh (M/Mq < 0.1), where the mass tracks (dotted lines) and isochrones (solid lines) are labeled 
in units of Mq and Myr, respectively. According to this diagram, Oph 1622— 2405A and B have masses that are similar to those of 
2M 1101-7732A and B. In addition, the positions of Oph 1622— 2405A and B are consistent with an extension of the Upper Sco sequence 
to lower masses. 



